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INTRODUCTION 


PURPOSE. 

This  report  describes  one  of  the  modes  of  operation  of  an  airborne  Beacon 
Collision  Avoidance  System  (BCAS)  based  on  mode  C replies  obtained  from  Air 
Traffic  Control  Radar  Beacon  System  (ATCRBS)  transponders.  Since  It  Is  based 
on  the  beacon  system.  It  has  been  termed  BCAS. 

BACKGROUND. 


In  this  particular  application,  BCAS  Is  Independent  of  the  ground  system,  but 
It  utilizes  the  very  widely  deployed  ATCRBS  avionics  to  sense  the  range  and 
altitude  of  nearby  aircraft.  It  Is  designed  for  aircraft  who  wish  to  have  a 
CAS  capability  in  airspace  where  the  air  traffic  control  (ATC)  system  does 
not  provide  surveillance-based  separation  services.  In  addition,  the  system 
will  provide  some  backup  to  the  ground  system  in  airspace  within  surveillance 
coverage. 

The  active  mode  of  BCAS  operation  described  in  this  report,  and  hereafter  called 
BCAS,  Is  an  active  system  consisting  of  an  airborne  Interrogator,  Interrogating 
omnidirectionally  with  ATCRBS  mode  C (altitude).  Replies  are  received  from  all 
aircraft  within  a range  of  roughly  32  nautical  miles  (nmi)  which  are  equipped 
with  an  ATCRBS  transponder  and  a reporting  altimeter.  The  replies  are  then 
sorted  to  obtain  range  and  altitude,  and  then  tracked  to  determine  whether  or 
not  they  are  a threat.  When  the  BCAS  threat  detection  and  resolution  logic 
projects  a time  to  "range  zero"  of  30  seconds,  evasive  action  is  displayed  to 
the  pilot. 

The  system  thus  assumes  widespread  deployment  of  altitude-reporting  ATCRBS, 
which  the  BCAS-equipped  aircraft  can  sense  and  avoid.  The  ATCRBS-only  air- 
craft, which  does  not  have  the  BCAS  equipment,  would  not  receive  collision 
avoidance  warnings;  It  Is  assumed  that  this  aircraft  continues  on  Its  present 
course.  This  class  of  aircraft  Is  said  to  be  a remitter,  BCAS  also  provides 
protection  for  two  BCAS-equlpped  aircraft,  ensuring  complementary  maneuvers. 

The  BCAS  hardware  was  first  assembled  as  two  complete  systems  and  bench  checked 
at  the  National  Aviation  Facilities  Experimental  Center  (NAFEC) . The  two 
BCAS  systems  were  then  Installed  on  two  Gulfstream  aircraft  and  flight  tests 
were  conducted.  Tests  continued  until  December  1975,  when  one  Gulfstream  had 
to  be  refurbished.  The  system  was  then  transferred  to  a DC6,  and  flight  tests 
continued  through  April  1976. 

The  attractiveness  of  BCAS  Is  that  the  cost  is  only  to  the  equipped  user  desir- 
ing an  Independent  collision  avoidance  capability,  which  protects  him  from  all 
aircraft  which  are  transponder-equipped  with  a mode  C (altitude  reporting) 
capability.  However,  the  cosharing  of  the  channel  with  ATCRBS  imposes  two 
requirements  on  the  design  which  had  to  be  met  If  this  concept  was  to  be 
feasible. 


The  first  requirement  was  that  BCAS  should  not  significantly  Impact  the  ATCRBS 
performance.  It  was  shown  during  the  flight  tests  that  there  was  no  evidence 
of  interference  to  the  ATCRBS  system  performance.  The  second  requirement  stated 
that  BCAS  would  have  to  work  In  spite  of  the  fact  that  replies  from  any  Interro- 
gated aircraft  might  be  received  simultaneously.  This  Is  known  as  synchronous 
garble.  To  minimize  the  Impact  on  ATCRBS,  the  rate  of  Interrogations  has  to 
be  kept  low.  The  design  calls  for  a rate  of  only  two  Interrogations  per  second. 
Preliminary  analysis  of  flight  data  Indicated  the  system  Is  capable  of  tracking 
successfully  through  garbled  situations  where  as  many  as  five  overlapped  replies 
occurred. 


SYSTEM  DESCRIPTION 


OVERVIEW. 

The  BCAS  functional  block  diagram  Is  given  In  figure  1.  Mode  C Interrogations 
are  transmitted  sequentially  via  top  and  bottom  antennas,  and  received  replies 
are  demodulated  In  the  receiver  and  then  passed  to  the  detector/tracker.  The 
detector/tracker  determines  If  the  received  replies  are  from  new  targets,  estab- 
lished target  tracks,  or  simply  fruit.  Tracks  are  formed  and  maintained  In 
range  and  altitude.  An  altitude  reference  Is  provided  by  the  aircraft's  own 
encoding  altimeter,  which  enables  the  tracker  to  estimate  the  relative  altitude 
of  targets. 
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FIGURE  1. 


ACTIVE  MODE  BCAS  SYSTEM  BLOCK  DIAGRAM 


Newly  formed  tracks  within  a lO-nml  range  and  established  tracks  whose  range 
difference  becomes  10-nml  or  less  are  flagged  by  the  tracker  and  a determlna 
tlon  of  whether  this  target  Is  BCAS  equipped  or  not  Is  made.  To  make  this 


determination,  a mode  D Interrogation  Is  sent.  If  the  target  replies  (and  it 
appears  at  the  expected  range  and  altitude) , the  tracker  labels  the  target 
as  BCAS  equipped;  otherwise,  it  is  labeled  as  unequipped  since  all  equipped 
aircraft  have  a mode  D reply  capability. 

Established  tracks  (tracks  are  declared  established  after  being  tracked  for 
at  least  30  seconds  or  after  four  successive  ungarbled  reports)  are  passed  on 
to  the  threat  detector  to  determine  if  a target  is  a threat.  Separate  algo- 
rithms are  used  for  equipped  and  unequipped  targets.  When  an  unequipped 
target  is  determined  to  be  a threat,  a command  is  displayed  to  the  pilot  for 
him  to  maneuver  his  aircraft  away  from  danger.  If,  on  the  other  hand,  an 
equipped  target  is  determined  to  be  a threat,  a mode  D Interrogation  is  made 
to  the  target  to  assess  the  maneuver  Intent  of  the  target.  On  the  basis  of 
the  reply  received,  a command  is  displayed  to  the  pilot  which  makes  him  aware 
of  the  situation  and  which  may  direct  him  to  either  maneuver  or  not  to  maneuver 
his  aircraft.  When  Interrogated  on  mode  D,  the  aircraft  replies  with  a code 
that  describes  the  command  message  sent  to  the  display.  This  elementary  data 
link  provides  the  means  for  ensuring  that  the  aircraft  make  complementary 
maneuvers. 

TRANSMITTER/RECEIVER 

The  transmitter/r  ^ed  by  BCAS  is  a standard  Air  Force  Identification, 

Friend  or  Foe  (IF  ..smitter/receiver ^ The  transmit ter /receiver  is  coupled 

both  to  the  bottom  and  to  the  top  antennas,  with  interrrogations  transmitted 
alternately  via  each  antenna  at  a combined  rate  of  one  every  1/2  second. 

Thus,  in  areas  where  a null  exists  in  either  the  top  or  bottom  antennas, 
aircraft  will  receive  mode  C requests  at  a 1-second  update  rate.  The  receiver 
takes  the  ATCRBS  replies  from  the  several  aircraft  in  the  vicinity,  demodulates 
them,  and  looks  for  pulse  pairs  separated  20.3  microseconds  (ps)  apart. 

The  window  size  for  this  bracket  pair  detection  is  made  sufficiently  wide  to 
account  for  pulse  position  uncertainty,  due  to  such  things  as  pulse  jitter  and 
pulse  tolerance.  All  bracket  detected  pulse  pairs  and  their  associated  formed 
binary  sequences  are  sent  to  the  detector /tracker . 

DETECTOR/ TRACKER. 


There  are  three  major  functions  of  the  detector/tracker.  These  functions, 
discussed  in  this  section,  are:  track  acquisition,  track  extension,  and  track 
elimination. 

TRACK  ACQUISITION.  To  acquire  or  form  new  tracks,  all  replies  (bracket  detec- 
ted pulse  pairs)  on  four  successive  interrogations  are  used.  Each  second  reply 
received  is  connected  by  a straight  line  to  all  replies  received  on  the  third 
interrogation,  which  could  possibly  relate  to  a given  track,  and  for  which  the 
range  rate  would  be  negative  (aircraft  closing  on  interrogator).  This  would 
mean  the  slope  of  the  straight  line  should  be  negative.  However,  due  to 
transponder  jitter,  some  straight  lines  will  be  formed  with  slightly  positive 
slopes.  The  maximum  negative  slope  allowed  is  limited  by  the  anticipated 
maximum  closing  rate  of  aircraft. 
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Once  all  reasonable  pairs  have  been  connected  by  straight  lines,  each  line  Is 
extended  backwards  and  projected  forward  In  time  by  a one-time  Interval.  At 
each  end  of  the  straight  line  corresponding  to  the  first  and  fourth  Interroga- 
tion replies,  a range  window  Is  placed.  This  window  accounts  both  for  aircraft 
motion  and  for  expected  transponder  jitter.  Any  replies  falling  Into  the 
window  are  considered  part  of  a track.  If  more  than  one  point  falls  within  a 
window,  there  will  be  more  than  one  track  formed.  If  no  reply  falls  at  either 
end  point,  no  track  acquisition  Is  declared. 

After  a new  track  Is  formed,  an  altitude  Is  associated  with  this  track  by 
taking  the  altitude  reports  from  each  of  the  four  replies  associated  with  the 
track  and  passing  them  through  an  "AND"  logic.  Thus,  If  at  least  one  of  the 
reports  Is  garble  free,  the  correct  altitude  will  be  associated  with  the 
target.  It  must  be  mentioned,  that  "I's"  are  resistant  to  interference  and 
"O's  appear  when  the  interference  disappears. 

THREAT  DETECTOR. 

The  threat  detector  receives  as  Its  input  the  relative  range,  relative  range 
rate,  altitude,  and  altitude  rate  of  established  aircraft  tracks.  It  determines 
whether  a command  is  necessary,  and  if  so,  issues  it  until  the  conflict  is 
resolved. 

The  threat  detector  is  capable  of  solving  conflicts  with  another  BCAS-equipped 
aircraft,  or  with  an  ATCRBS  mode  C aircraft.  In  some  cases  multiple  aircraft 
conflicts  can  also  be  resolved. 

Two  different  detection  and  resolution  logics  are  used  depending  on  the  equip- 
age of  the  intruder  aircraft.  If  it  is  BCAS-equipped,  the  logic  specified  in 
the  Air  Navigation/Traffic  Control  (ANTC)  Report  No.  117  (issued  by  the  Air 
Transportation  Association  of  America,  June  1967)  is  employed;  otherwise,  a 
remitter  logic  is  utilized  which  makes  use  of  either  a modified  range-tau  test 
and  a vertlcal-tau  test,  if  the  relative  range  rate  is  negative,  or  an  immediate 
range  and  altitude  test,  if  it  is  positive.  In  both  logics,  a maneuver  command 
is  not  displayed  until  it  appears  as  a result  of  two  consecutive  Interrogations. 

When  the  ANTC-117  logic  determines  that  a command  should  be  displayed,  it  Inter- 
rogates (mode  D)  to  determine  the  maneuver  intent  Issued  by  the  ANTC-117  logic 
of  the  Intruder  aircraft.  Based  on  the  mode  D reply,  a compatible  collision 
avoidance  command  is  displayed  to  the  pilot. 

DISPLAY. 


The  display  is  shown  in  figure  2.  It  is  a standard  CAS  display  which  indicates 
to  the  pilot  the  following  positive  and  negative  commands: 

Positive 


Level  off 

Climb 

Descend 
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Negative 

Don' t climb 
Don't  descend 

Don't  climb  more  than  500  ft/mln 
Don't  climb  more  than  1,000  ft/min 
Don't  climb  more  than  2,000  ft/mln 
Don't  descend  more  than  500  ft/min 
Don't  descend  more  than  1,000  ft/min 
Don't  descend  more  than  2,000  ft/min 


i 

1 

FIGURE  2.  EGAS  DISPLAY 


DATA  LINK. 

As  indicated  In  preceding  sections,  communication  between  equipped  aircraft  is 
required  to  coordinate  maneuvers.  The  mode  D transponder  reply  is  used  in  EGAS. 
This  was  chosen  because,  for  feasibility  tests,  it  was  easily  implemented  and 
relatively  garble  free.  For  the  final  system  configuration  the  DAES  signal 
format  will  be  utilized  as  the  data  link.  In  addition,  the  Identity  of  the 
target  aircraft  is  not  needed  to  effect  the  communication. 

There  are  a total  of  four  different  mode  D messages  (level  off,  climb,  descend, 
or  no  positive  command).  Therefore,  four  mode  D code  words  are  needed.  The 
code  words  are  chosen  so  that  the  message  is  decodable  when  up  to  3 pulse 
positions  are  garbled.  Further  error  protection  against  fruit  is  obtained  by 
repeated  interrogation  and  periodic  interrogation  once  a threat  is  detected. 
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The  code  word  for  the  mode  D response  is  supplied  to  the  transponder  immedi.itely 
upon  determination  of  the  maneuver,  sj  that  any  aircraft  making  a mode  D inter- 
rogation after  that  instant  will  be  informed  of  the  aircraft's  intent. 

HARDWARE  PROCUREMENT. 

The  interrogator  receiver/transmitter  (RT  868A) , part  of  APX-76,  is  manufactured 
by  Hazeltine  Corporation,  Little  Neck,  New  York.  Three  of  these  units  were 
borrowed  from  the  United  States  Air  Force  (USAF) . 

The  transponder  receiver/transmitter  (TRA-63A)  is  manufactured  by  Bendix 
Avionics  Corporation,  Fort  Lauderdale,  Florida.  Three  units  were  procured  and 
modified  by  NAFEC  to  provide  mode  D capability. 

• 

The  antenna  switches  were  manufactured  and  purchased  from  Microwave  Associates, 
Burlington,  Massachusetts. 

The  minicomputers  (AN(UYK-19)  RUGGEDNOVA  1602)  were  manufactured  and  purchased 
from  Rolm  Computer  Corporation,  Cupertino,  California. 

The  BCAS  displays  are  the  same  displays  that  were  used  for  the  ACAS  evaluation. 

The  interface  used  to  drive  the  displays  were  designed  and  built  at  NAFEC. 

The  time  code  generators  are  the  same  as  those  used  for  the  ACAS  evaluation. 

The  Signal  Processing  and  Interface  Unit  (SPIU)  is  a standard  Beacon  Data 
Acquisition  System  (BDAS)  associated  with  the  ARTS  II  system.  It  was  manufac- 
tured by  Lockheed  Electronics,  Plainfield,  New  Jersey.  One  BDAS  and  one  set 
of  spare  cards  were  provided  to  Lockheed  as  government  furnished  equipment  (GFE) 
to  be  modified  to  provide  for  two  SPIU's. 


HARDWARE  FUNCTIONAL  DESCRIPTION 


OVERVIEW. 

The  computer  software  controls  all  hardware  components  of  BCAS  through  the 
SPIU.  The  computer  provides  the  master  control  signals  to  the  SPIU  defining 
the  mode  and  the  sequence  of  each  of  the  hardware  functions.  Thr  SPIU  contains 
the  interface  receiver,  driver  amplifiers,  pulse  shapers,  memory,  and  logic  com- 
ponents required  to  control  and  communicate  with  each  of  the  hardware  components 
(figure  3). 

SPIU  CCTJTROL  AND  MONITOR  FUNCTIONS. 

The  SPIU,  upon  command  from  the  computer,  controls  the  very  critical  timing 
sequence,  generates  the  interrogate  pulse  pairs  for  the  specified  interro- 
gation mode,  and  controls  the  duration  of  the  reply  period.  The  SPIU  monitors 
the  command  signals  from  the  computer,  and  will  not  permit  an  invalid  combina- 
tion of  commands  (as  might  result  from  a programming  error)  to  initiate  an 
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operational  cycle.  For  example,  the  SPIU  will  reject  the  simultaneous  Issuance 
of  a mode  C and  a mode  D interrogation.  It  also  will  reject  any  combination 
such  as  a mode  C and  P1-P2  suppress  or  a mode  D and  a P1-P2  suppress.  The 
SPIU  will  provide  a MODE  VALID  response  to  the  computer  if  and  only  if  the 
command  calls  for  one  valid  interrogation  mode  and  a suppression  signal  to  its 
own  BCAS  system  transponder.  The  SPIU  controls  the  solid-state  pin-diode 
antenna  switch  upon  command  from  the  computer,  and  examines  the  status  signal 
from  the  antenna  switch  to  Insure  the  proper  status  before  allowing  an 
operational  cycle. 

SPIU  INTERFACE  FUNCTIONS. 

SPIU  CCTIPUTER  INTERFACE.  The  interface  between  the  SPIU  and  the  computer  con- 
sists of  data  and  control  lines  for  the  Programmed  Data  Channels  (PDC)  and  from 
the  Direct  Memory  Access  Channel  (DMA) . 

PROGRAMMED  DATA  CHANNEL  INTERFACE  (PDC).  The  PDC  interface  consists  of  three 
sets  of  input  data  lines  (A,B,C)  and  three  sets  of  output  data  lines  (A,B,C). 
Each  of  these  sets  contain  16  data  lines  to  accommodate  the  16-bit  words  from 
the  fully  buffered  I/O  channels,  and  control  lines  for  each  set  of  data  lines. 

Input  channel  A conveys  the  altitude  from  the  encoder  to  the  computer, 
along  with  three  other  signals  from  the  SPIU  including  the  mode  D flag. 
Interrogate  Status,  and  Interrogate  Complete  control  signals. 

Channel  B conveys  the  least  significant  portion  of  the  time  word  from 
the  Time  Code  Generator. 

Input  channel  C conveys  the  most  significant  portion  of  the  time  word. 

Output  channel  A conveys  the  control  command  signals  from  the  computer 
to  perform  the  following  functions: 

1.  Select  the  antenna  (upper  or  lower) 

2.  Suppress  the  BCAS  system  transponder. 

3.  Initiate  and  control  the  interrogate  mode. 

4.  Initiate  P’d  ontrol  the  transmit  cycle. 

Output  channel  B conveys  the  mode  D reply  to  the  system  transponder  by 
means  of  SPIU  and  a control  signal  to  reset  the  mode  D flip-flop. 

Output  channel  C conveys  the  control  signals  to  the  CAS  display  to 
illuminate  the  various  command  and  warning  lamps  such  as  climb,  dive,  and 
others. 

DIRECT  t^ORY  ACCESS  (DMA)  CHANNEL  INTERFACE.  The  I»1A  interface  consists 
of  16  data  lines  and  the  necessary  control  lines.  The  DMA  data  lines  convey 
the  12-blt  data  word  recovered  from  the  reply  and  its  associated  12-blt  range 
words. 


SPIU-TRANSPONDER  INTERFACE.  The  SPIU-Transponder  Interface  consists  of; 


1.  A suppress  line  to  provide  a 25-volt  (V)  pulse  to  suppress  the 
transponder  during  the  Interrogation  cycle. 

2.  A mode  D flag  line  to  Inform  the  computer  of  a mode  D Interrogation 
detected  by  the  transponder. 

3.  Twelve  data  lines  to  convey  the  mode  D reply  from  the  computer  to 
the  transponder. 

SPIU-INTERROGATOR  INTERFACE.  The  SPIU-Interrogator  Interface  consists  of  two 
coaxial  lines;  one  to  convey  the  Interrogation  video  pulse  pairs  from  the  SPIU 
to  the  Interrogator,  and  the  second  line  to  convey  the  serial  video  pulse  of 
the  reply  to  the  SPIU. 

SPIU-ALTITUDE  ENCODER  INTERFACE.  The  SPIU-Altltude  Encoder  Interface  consists  | 

of  dual  serial  Inverters  In  each  of  the  10  altitude  encoder  lines, which  pro-  .j 

vldes  an  open-bit  line  for  a "0"  and  a grounded  bit  line  for  a "1".  The 

altitude  signals  are  thus  buffered  by  the  inverters.  The  first  Inverter  pro-  jj 

vldes  the  correct  signal  polarity  for  the  programmed  data  channel,  and  the  ij 

second  Inverter  returns  the  signal  to  the  polarity  required  by  the  transponder.  j 

SPIU-TIME  CODE  GENERATOR  INTEREACE.  The  SPIU-Tlme  Code  Generator  Interface 
Is  made  up  of  a Schmitt  trigger  followed  by  an  Inverter  In  each  of  the  24  time- 

bit  lines.  The  reason  for  this  circuit  configuration  Is  to  provide  reliable  j 

operation  In  view  of  the  fact  that  the  time  code  generators  do  not  have  ade-  ; 

quate  line  drive  capability.  j 

! 

SPIU-ANTENNA  SWITCH  INTERFACE.  The  SPIU-Antenna  Switch  Interface  consists  of 
two  pairs  of  differential  driver  lines  and  two  pairs  of  differential  receiver 

lines.  The  driver  lines  control  the  antenna  switch,  and  the  receiver  lines  | 

report  the  status  of  the  antenna  switch  to  the  computer  through  the  SPIU. 

The  power  for  the  antenna  switch  (+12V  and  -12V  d.c.)  Is  provided  by  the 
SPIU  by  way  of  the  interface. 

SPIU-CAS  DISPLAY  INTERFACE.  The  SPIU-CAS  Display  Interface  consists  of  12  dual 
lamp-driver  amplifiers.  Each  CAS  display  functions,  as  commanded  by  the  com- 
puter, to  turn  on  Its  dual  lamp  driver  to  Illuminate  the  specified  warning  or 
command  lamps  of  the  two  CAS  displays.  One  lamp  Is  In  the  cockpit,  and  one  is 
on  the  BCAS  equipment  rack. 
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PERFORMANCE  AND  HARDWARE  MODIFICATION 

INTERROGATION  RECEIVER  PERFORMANCE. 


The  theoretical  considerations  regarding  the  ability  of  BCAS  to  track  aircraft 
through  garble  situations  was  based  on  the  reply  code  "I's"  being  indestruc- 
tible and  reply  "O's"  being  subject  to  alteration  when  replies  from  several 
aircraft  overlap. 

Observation  of  the  data  contained  in  the  raw  radar  buffers,  as  recorded  on 
the  BCAS  magnetic  tape.  Indicated  that  Information  was  lost  when  two  or  more 
replies  overlapped.  The  two  remote  aircraft  may  be  widely  separated,  but 
approximately  equidistant  from  the  BCAS-equlpped  aircraft;  thus,  the  replies 
overlap  and  distort  their  data  content.  As  expected,  a reply  could  superim- 
pose its  I's  over  the  other  reply's  O's,  but  something  unexpected  happened. 

When  the  I's  from  the  two  replies  were  superimposed,  the  I's  were  destroyed. 

Analysis  of  the  performance  of  the  Interrogator  video  processor  circuit  revealed 
that  the  pulses  did  not  add,  as  expected,  when  the  two  video  signals  merged. 
Instead  of  adding,  as  the  pulses  started  to  overlap,  the  pulses  would  split 
into  two,  and  finally,  into  three  narrow  pulses,  which  would  be  rejected  by  the 
pulsewldth  discriminator  in  the  data  acquisition  portion  of  the  SPIU  resulting 
in  the  loss  of  information  and  subsequent  discontinuities  in  the  tracking 
of  the  garbled  replies.  This  problem  was  observed  primarily  in  the  analysis 
of  the  data  collected  on  magnetic  tapes  in  the  Washington,  D.C.  area,  where 
there  are  a considerable  number  of  ground  based  interrogators  and  moderate  air 
traffic  density. 

INTERROGATOR  CORRECTIVE  MODIFICATIONS. 

The  circuit  correction,  to  prevent  the  loss  of  reply  code  I's  in  a garble 
environment,  was  accomplished  by  simply  bypassing  the  portion  of  the  video 
processor  circuit  that  caused  the  pulse  splitting.  The  only  portion  of  the 
video  processor  circuit  presently  used  is  the  two-stage  input  driver  ampli- 
fier coupled  directly  to  the  output  emitter  follower  amplifier.  The  receiver 
video  is  thus  passed  onto  the  SPIU  as  analog  video.  The  receiver  video 
amplitude,  which  was  previously  standardized  digital  pulse,  is  now  an 
analog  signal  with  amplitude  inversely  related  to  the  range. 

This  modification  corrected  the  data  loss  problem  in  the  interrogator  ')ut  the 
resulting  signal  amplitude  and  baseline  level  changes  required  some  .fi- 
catlon  of  the  beacon  video  quantizer  circuit  board  of  the  SPIU. 
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BEACON  VIDEO  QUANTIZER  (BVQ)  MODIFICATIONS.  Several  modifications  were  made  to 
the  BVQ  circuit  board  to  achieve  compatibility  with  the  Interrogator  modifica- 
tion and  to  generally  Improve  the  performance  of  the  quantizer. 

A multiturn  potentiometer,  formerly  used  to  adjust  the  amplitude  of  test  video 
(presently  not  required),  was  reconnected  to  function  as  an  input  signal  level 
threshold  control.  This  control  provided  the  means  to  properly  match  the  signal 
level  of  the  receiver  video  from  the  interrogator. 

A new  multiturn  potentiometer  was  added  to  the  input  Junction  of  the  amplifier 
preceding  the  peak  detector.  The  original  detector  circuit  was  designed  to 
detect  at  approximately  the  50  percent  amplitude  level.  The  addition  of  the 
new  control  pot  and  several  resistor  value  changes  provided  the  means  to  ad- 
just the  video  pulse  amplitude  detection  to  approximately  120  millivolts  (mV) 
below  peak  amplitude.  This  change  was  required  since  the  receiver  video 
pulses  from  the  interrogator  are  no  longer  standardized  5 V pulses  as 
mentioned  in  Interrogator  Corrective  Modifications. 

To  further  Insure  the  stability  of  the  various  input  threshold,  signal  peak 
and  threshold  detectors,  the  three  potentiometer  circuits  are  now  regulated 
by  zener  diodes. 

The  peak  detector  was  originally  reset  from  the  output  of  the  voltage 
comparator.  The  circuit  performance  was  improved  by  resetting  the  peak 
detector  with  the  output  of  the  signal  threshold  detector. 

Another  minor  circuit  modification  was  made  which  has  no  effect  on  the  cir- 
cuit performance;  its  purpose  is  to  allow  the  clrult  to  operate  under  test 
without  an  enable  signal  from  the  computer.  The  input  enable  gate,  which 
originally  controlled  the  input  beacon  video,  was  reconnected  to  control  the 
output  of  the  beacon  video  quantizer. 

PARALLEL  BRACKET  DETECTOR  MODIFICATIONS.  The  following  paragraphs  analyze 
the  problem  and  relate  the  corrective  action  taken  to  modify  the  parallel 
bracket  detector. 

Overview  of  the  Problem.  The  analysis  of  some  of  the  data  collected  on 
magnetic  tape  indicated  occasional  loss  of  reply  1 bits  in  a garble-free 
environment. 

Although  this  condition  occurred  very  Infrequently,  it  deserved  attention. 
Transponder  pulse  spacing  or  pulsewidth  maladjustment  is  suspected  as  a possi- 
ble explanation  of  this  loss  of  information.  The  bracket  detector  is  a 208-blt 
shift  register  from  which  the  12  bits  of  the  reply  are  extracted  from  their 
respective  pulse  position  taps.  This  occurs  when  coincidence  is  detected  at 
the  "FI"  and  "F2"  bracket  taps.  Observation  of  the  bracket  detector  in  opera- 
tion indicated  that  the  presently  used  taps  were  the  optimum  design  choice 
for  most  transponders. 
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Corrective  Modifications  of  the  Parallel  Bracket  Detector.  Each  stage  of 
the  208-blt  shift  register  represents  approximately  120  nanoseconds;  therefore, 
the  450-nanosecond  reply  pulse  would  be  contained  in  three  or  possibly  four 
stages.  The  center  stage  for  each  pulse  was  chosen  and  appears  to  be  optimum 
for  most  transponders,  as  mentioned  In  Overview  of  the  Problem. 

To  accommodate  the  transponders  with  the  "out  of  tolerance"  pulse  spacing, 
the  logic  was  modified  to  detect  the  pulse  In  the  stage  following,  as  well  as, 
the  original  stage.  This  was  accomplished  by  adding  12  "OR"  gates,  one 
for  each  of  the  12  reply  code  taps,  each  gate  having  two  Inputs,  the 
original  tap  and  the  one  following  (later  In  time).  This  modification  appeared 
to  correct  the  rarely  encountered  data  loss  due  to  suspect  transponders. 

ALTITJDE  ENCODER  SPIU  PROBLEM  AND  CORRECTIVE  MODIFICATIONS.  The  following 
paragraphs  outline  the  modifications  to  the  SPIU  In  order  to  prevent  erroneous 
altitude  reports. 

Overview  of  the  Problem.  The  aircraft  pressure  altitude  encoder  signal 
bus  provides  Input  to  the  SPIU-Altitude  Interface  as  described  In  SPIU-Altitude 
Encoder  Interface,  as  well  as  the  normal  connection  to  the  aircraft  transponders. 
During  a BCAS  test  flight,  the  normal  aircraft  transponder  is  turned  off  and  the 
BCAS  transponder  becomes  the  aircraft  transponder.  During  other  aircraft 
flights  when  the  BCAS  was  not  In  use,  although  still  connected  to  the  altitude 
encoder  bus,  erroneous  altitude  was  being  reported  by  the  aircraft  transponder. 
This  erroneous  altitude  Is  caused  by  the  loading  effect  of  the  SPIU  interface 
circuits  on  the  altitude  encoder  bus  with  the  SPIU  In  POWER  OFF  status. 

Corrective  Modification  of  Altitude  Encloder  Interface.  A simple  solution 
to  this  problem  Is  to  remove  the  altimeter  cable  connector  from  the  rear  of 
the  SPIU  at  the  conclusion  of  the  BCAS  operation. 


APPENDIX  A 

BCAS  ATC  ADVISORY  FLIGHT  TESTS 


On  July  28,  1976,  a flight  test  vas  M to  test  the  BCAS  ATC  Advisory 

Feature.  This  feature  causes  the  aa.  • -oponder  to  reply  with  a 

7500  identity  code  whenever  the  ^limb  and  7400  whenever  the 

BCAS  indicates  a dive  connnand.  The  B Isory  was  successfully  tested 

with  the  use  of  the  Terminal  Air  Traffic  i ny  (TATF)  ARTS  111.  The 
ARTS  III  operational  program  w?s  modified  ;o  interpret  a 7500  code  as  a 
7700  code  and  display  emergency  (EM),  and  also  interpret  a 7400  code  as  a 
7600  code  and  display  radio  failure  (RF) . The  following  results  were  observed 
during  this  test: 

1.  At  09  26  14,  aircraft  N46  was  manually  sending  a 7400  code  via  a 
test  switch.  The  TATF  was  indicating  an  RF  for  the  full  time  that  N46  was 
sending  the  7400  code. 

2.  At  09  27  14,  aircraft  N46  was  manually  sending  a 7500  code  via 

a test  switch.  The  TATF  was  indicating  an  EM  for  the  full  time  that  N46  was 
sending  the  7500  code. 

3.  During  head-on  flight  with  400  feet  separation  between  N46  and  N49. 
N46  ndlcated  a dive  arrow  at  09  48  20.  The  TATF  observed  the  RF  at 

09  48  27. 

4.  Later  during  this  same  flight  a dive  command  was  given  in  N46  at 
09  54  29.  The  TATF  observed  the  RF  at  09  54  34. 

5.  During  head-on  flight  with  400  feet  separation  between  N46  and  N49. 
N46  Indicated  a climb  arrow  at  10  07  27.  The  TATF  observed  the  at  10  07  33. 
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BCAS  ACCURACY  FLIGHT  TESTS 
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DESCRIPTION  OF  THE  FLIGHT 
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The  normal  collision  avoidance  flight  tests  consist  of  "double 
daisy"  patterns,  as  shown  In  Figure  B-1,  over  the  VOR  at  NAFEC. 

The  double  daisy  patterns  provide  a variety  of  closing  configur- 
ations from  head-on  to  tail-chase.  The  aircraft  are  separated  by 
400  feet  In  altitude  to  prevent  an  actual  collision,  but  still 
exercise  all  the  collision  generated  signal  processing. 

This  flight  consisted  of  12  encounters  each  lasting  about  3 
minutes,  but  not  all  of  the  data  was  usable  for  data  reduction. 
Failures  of  both  theodolite  and  BCAS  flight  recorders  resulted 
In  only  parts  of  2 encounters  being  recorded  on  all  four  theodo- 
lites and  at  least  one  aircraft.  The  total  recorded  time  under 
track  was  thus  83  seconds,  and  the  approach  angles  were  120°  and 
150°.  Nevertheless,  this  was  an  adequate  sample  for  Interpreting 
the  accuracies  of  the  system. 

Approximately  80  minutes  of  additional  data  were  collected  with 
phototheodollte  tracking  subsequent  to  the  tests  described  above. 
This  data  Is  being  reduced  and  analyzed  and  will  appear  In  the  final 
report. 
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2.  TYPE  OF  DATA  RECORDED 

The  theodolite  data  was  processed  at  NAFEC  to  generate  x,  y,  and 
z of  each  aircraft  ten  times  per  second.  The  x and  y coordinates 
were  relative  to  an  arbitrary  coordinate  system  set  up  for 
theodolite  tracking,  and  the  z coordinate  was  height  above  mean 
sea  level. 

Each  BCAS  aircraft  also  recorded  all  returns  to  its  own  inter- 
rogations, and  own  altitude,  as  indicated  by  its  encoding 
altimeter.  These  tapes  were  replayed  at  METREK  and  the  range, 
range  rate,  altitude,  and  altitude  rate  of  all  threats,  including 
the  other  BCAS  aircraft  were  generated.  Because  of  the  branching 
process  in  the  tracker,  many  tracks  can  be  generated  for  one 
aircraft  at  any  Instant  in  time.  In  these  cases  the  track  with 
the  largest  number  of  returns  (highest  confidence)  was  used. 
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DESCRIPTION  OF  DATA  REDUCTION  TECHNIQUES 


The  data  was  reduced  by  taking  the  four  target  parameters,  range, 
range  rate,  altitude,  and  altitude  rate  and  subtracting  the 
corresponding  values  obtained  from  the  theodolite  data.  These 
sets  of  differences  were  then  processed  to  obtain  the  mean  error, 
the  mean  squared  error,  and  the  standard  deviation.  This  was 
done  for  each  of  the  2 recorded  encounters  separately,  and  for 

I 

{ the  combination  of  both  encounters.  The  same  was  also  done  for 

i 

own  ship's  altitude  and  altitude  rate. 

Range  rate  and  altitude  rate  do  not  come  directly  from  the 

I theodolite  data,  but  were  obtained  by  differencing  range  and 

altitude.  Thus,  with  a theodolite  accuracy  of  6 feet  or  less, 
one  might  have  as  much  as  an  8.5  ft/sec  (lo)  error  In  range  rate 
or  altitude  rate. 

I 

I It  was  Intended  to  compensate  for  the  barometric  pressure,  Since 

I the  encoding  part  of  the  altimeters  are  not  set  by  the  pressure 

ij  correction,  but  an  examination  of  the  data  showed  that  no  such 

I correction  was  needed  on  that  day. 

It  was  noted  that  the  altitude  rate  accuracy  estimates  were  not 
complete,  since  the  aircraft  were  flying  level,  with  no  quanti- 
zation noise  other  than  that  Introduced  Into  the  tracker  by 
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fruit  and  garble.  Therefore,  as  a final  presentation,  a target 
of  opportunity  was  selected  which  had  just  taken  off,  and  which 
appeared  to  have  a constant  climb  rate  for  almost  a minute. 


Assuming  a constant  climb  rate,  the  mean  and  standard  deviation 
of  the  BCAS  tracked  altitude  rate  was  calculated  about  this 
assumed  value. 
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ACCURACY  ESTIMATES 


Tables  B-1 , B-2,  and  B-3  are  the  accuracies  of  the  22  second, 
the  63  second  and  the  combined  85  second  segments. 

4 . 1 Range 

As  seen  In  Table  B-3,  there  Is  a consistent  range  error  of 
129  feet  which  does  not  vary  much  from  encounter-to-encounter. 
This  Is  of  no  practical  concern  but  Is  probably  due  to  a fast 
turn  around  time  In  the  transponder,  or  else  a slight  offset 
In  the  BCAS  and  theodolite  clocks.  The  aircraft  were  closing 
at  about  530  ft/sec. 

The  standard  deviation  was  92  feet,  which  Is  about  3 times 
larger  than  expected.  This  error,  however,  would  be  of  con- 
sequence only  If  It  affected  the  range  rate. 

4 . 2 Range  Rate 

The  mean  error  In  range  rate  Is  negligible,  as  Is  expected, 
because  range  biases  cancel  out.  Range  rate  errors  are  caused 
primarily  by  jitter  In  range  measur.emcnts . The  errors  are 
consistently  measured  to  be  36  ft/sec.  This  Is  very  cleM  to  the 
expected  value  of  33.2  ft/sec  (20  knots),  accounting  for  beacon 
Jitter,  range  quantization,  and  tracker  smoothing. 


i 


J 


B-6 


TABLE  B-1 
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TABLE  B-3 


4.3  Altitude 


Altitude  errors  come  from  many  sources,  most  notably  calibration 
errors,  and  quantization,  or  granularity.  The  measured  errors 
are  rather  small,  28.4  feet  rms,  and  the  target  altitude  was  not 
measurably  worse  than  own  altitude.  The  same  tracker  Is  used 
on  these  two  altitudes  but  the  own  altitude  tracker  has  no  garble. 
Since  the  garble  should  only  Increase  the  error,  apparently  all 
the  measured  error  was  due  to  granularity. 

4.4  Altitude  Rate 

Altitude  rate  Is  also  presented  for  both  the  target  aircraft  and 
own  aircraft.  The  errors  obtained  are  well  below  that  expected, 
and  an  examination  of  the  Input  data  Indicated  that  most  of 
the  error  came  from  the  theodolite.  However,  since  the  aircraft 
were  usually  flying  straight  and  level,  a good  measurement  of 
altitude  rate  could  not  be  made. 

Therefore,  to  obtain  a closer  estimate  of  the  altitude  rate  error 
the  altitude  rate  of  a climbing  target  of  opportunity  was  examined. 
This  data  Is  presented  In  Table  B-4 , and  shows  roughly  the  same 
accuracy  (4.8  ft/sec  standard  deviation). 
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CONCLUSIONS 


The  measured  errors  In  range  rate  and  altitude  were  about  as  expected. 

It  should  be  noted  that  the  accuracy  flight  test  was  not  run  In  a vacuum. 
There  were  other  aircraft  on  the  ground  as  well  as  fixed  transponders  on 
buildings,  which  generated  garble.  The  existence  of  several  BCAS  tracks 
on  the  target,  at  slightly  different  ranges,  and  many  tracks  being 
successfully  extended.  Indicates  the  presence  of  garble  and  phantom 
bracket  detects.  This  provided  a fortuitous  chance  to  measure  BCAS 
accuracy  In  the  presence  of  some  garble. 


The  altitude  rate  error  was  much  smaller  than  expected.  Even  when  a 
climbing  track  was  analyzed,  the  same  conclusion  held.  Therefore,  It 
appears  that  altitude  granularity  Is  not  a limiting  consideration  In 
altitude  tracking. 


Finally,  the  range  standard  deviation  was  much  larger  than  expected. 

Fortunately,  It  did  not  affect  the  range  rate,  and  therefore  must  have 

been  highly  correlated  from  hlt-to-hlt.  The  measured  rahge  standard 

deviation  has  little  effect  on  the  ability  of  BCAS  to  estimate  t,  or 

predicted  time  to  one  mile  separation.  Since  t ■ ^"^mln,  6t  / 6t 

R ^ / 6R  ■ 


Thus  errors  In  R have  t times  the  effect  of  errors  In'R.  If  the  t threshold 
Is  30  seconds,  we  can  stand  30  times  as  much  error  in  R as  R,  for  the  same 
impact  on  warning  timeliness. 
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